Objective: In obese patients, the management of renal calculi presents a number of challenges for urologists. In this study, we aimed to evaluate the efficacy and safety of percutaneous nephrolithotomy (PNL) procedure in obese and morbidly obese patients. Results: A total of 2102 patients with a mean age of 43±13.62 years were enrolled in the study. The mean stone size, mean number of stones, staghorn stone rate and history of previous shock wave lithotripsy were similar in all groups. The overall stone-free rate was 82 percent. The mean operation time was longer in the morbidly obese group but it was not significantly different from that in the other groups. No differences were observed in hospital stay, complication or stone-free rate among four study groups.
Introduction
Because of increased prevalance of sedentary life, decrease in physical activity, and consumption of diets rich in higher fat content, obesity has become an important health problem worldwide. [1] Obesity which affects nearly 1.5 billion people according to World Health Organization, is strongly correlated with ischemic heart disease, hypertension, and diabetes mellitus as revealed by robust evidence. [2] Still in obese patients, probability of renal stone formation is higher seen relative to non-obese patients. [3, 4] In obese patients, renal stone treatment in obese patients poses some difficulties. Studies performed, have shown that success rates of extracorporeal shock wave lithotripsy (ESWL) decreased with enhanced body mass index (BMI). [5, 6] Achievement of stone-free rates in patients with excess stone burden requires more than one ESWL session which restricted use of flexible ureterorenoscopy in obese patients especially with serious concomitant diseases. [7] Nowadays, even though percutaneous nephrolithotomy (PNL) is the most prevalent method used in the management of renal diseases in this patient group, only limited number of studies have examined PNL procedures in obese, and morbidly obese patients.
Herein, we aimed to present the impact of higher BMIs of the patients on the efficacy and safety of PNL procedures that were performed in our clinic. (Group 4, morbidly obese). [8] Patients without BMI data, those with estimated BMIs <18 kg/m 2 , and patients younger than 18 years of age were excluded from the study.
Material and methods
Preoperatively, all patients were informed about treatment alternatives, and they undersigned informed consent forms. Preoperatively, whole blood count, creatinine, and serum electrolyte values, liver function test (ALT, and AST) results were evaluated. Besides, bleeding, and coagulation profiles (bleeding time, coagulation time, INR, PT, and aPTT), serologic tests (HbsAg, Anti-HCV, and Anti-HIV) results were analyzed. One week before the procedure, blood cultures obtained, and in cases of need, following appropriate antibiotherapy, PNL was performed. Preoperatively the patients were also assessed as for stone size, and potential urinary system pathologies using non-contrasted computed tomograpy (CT) and/or intravenous pyelography (IVP). Stone surface area was measured by multiplying the longest diameter of the stone by its intersecting vertical diameter as explained in EAU (European Association of Urology) guidelines. [9] PNL Technique After administration of general or epidural anesthesia with the patient in the lithotomy position a 5 F ureteral catheter was placed in the renal pelvis. Then the patient was laid in the prone position, and contrast agent was delivered through ureteral catheter, and pelvicalyceal system was visualized. Then with a 20 cm-long percutaneous access needle (18G Percutaneous Access Needle, Boston Scientific Corporation, Natick MA, USA) access into the suitable calyx was performed. For dilatation, high-pressure balloon dilator (NephroMax TM Microvasive High Pressure Balloon Catheter, Boston Scientific, Boston, MA, USA) or Amplatz dilator set (Amplatz Renal Dilator Set, Cook Medical, IN, USA) was used. For all patients the same type of percutaneous access needle, and dilator set were used. Following entrance into pelvicalyceal system with a 26 F rigid nephroscope, the stones were fragmented with the aid of an ultrasonic lithotriptor (Swiss Lithoclast ® , EMS, Nyon, Switzerland). Stone fragments were taken out using a stone forceps or basket (Perc-N Circle, Cook Medikal, IN, USA). A 14 F nephrostomy tube (Malecot Nephrostomy Catheter, Cook Medical) was placed in renal pelvis or suitable calyx for drainage. On the first postoperative day from all patients KUBs were obtained, and evaluated as for their stone-free states.
Preoperatively parameters including age, gender. BMI, concomitant diseases, stone size, and history of SWL were analyzed.
Groups were also evaluated as for operative, and fluoroscopy times, intra-, and postoperative complications were also evaluated. Still in all groups, hospital stay, stone-free rate, pre-, and postoperative hemoglobin values were analyzed.
Statistical analysis
In this study, statistical analysis of the relevant data was performed using Statistical Package for the Social Sciences (SPSS) v. 13 package program. For the comparison of parameters among four groups ANOVA test, and in cases of need X 2 test were employed. P<0.05 was accepted as the level of significance.
Results
Patients'demographic characteristics, and stone properties are summarized in Table 1 Postoperative parameters of the patients used in their monitorization are given in Table 2 . The highest stone-free state was achieved in the morbidly obese group. Hospital stay, nephrostomy time, and need for transfusion demonstrated similar characteristics in all groups. Complication rates were 6.00, 6.34, 8.38, and 8.33% in Groups 1, 2, 3, and 4 respectively, without any significant intergroup difference. In a total of 2 patients (one patient with normal BMI, and one overweight patient) with colonic perforation was detected who were treated with colostomic operations. Nephrectomy was performed on a total of 4 patients. In 2 patients intractable intraoperative bleeding necessitated nephrectomy. The remaining 2 patients underwent nephrectomy because of sudden drop in hemoglobin level during the immediate postoperative period (Figure 2) .
Discussion
According to the definition of World Health Organization, obesity is accumulation of excess fat in the body which is harmful for health. In the last 20 years increasingly prevalent obesity, and morbid obesity are important etiological factors responsible for metabolic syndrome, cardiovascular diseases, malignancies, and renal stones. [10, 11] In a survey study conducted by Binbay et al. [12] incidence of stone disease was indicated as 11.1%, and increased risk of urolithiasis was detected in the presence of metabolic syndrome components. Obese patients lead a sedentary life when compared with non-obese patients. Besides, higher prevalence of gout disease in obese patients, higher purine, carbonhydrate, and animal fat content in their diet contribute to stone formation. Impairment of ammonium metabolism as an outcome of insulin resistance, and dysfunctional transport in renal tubular cells facilitate formation of renal stones. [13] Cardiovascular and/or respiratory disorders suffered by obese patients underline the importance of carrying out management of renal stones successfully if possible without anesthesia, and in a single session. SWL is the first-line treatment modality preferred for renal stones smaller than 2 cm. [14] Though application of SWL without requiring anesthesia seems to be an advantage at first glance, longer distance between the stone and the skin leads to a decrease in the effectiveness of SWL. Difficulty in fluoroscopic, and ultrasonographic focusing on the stone, and weight bearing capacity of the SWL are another factors restricting use of this method. [15] Some studies have demonstrated that in the treatment of renal stones in obese patients flexible ureterenoscopy (f-URS) can be a good alternative. However, in patients with greater stone burden its inapplicability, and longer operative times prevent widespread use of f-URS. [16] Nowadays, PNL has been most frequently resorted treatment modality in obese, and morbidly obese patients with renal stones, however urologists are confronted with many problems during the procedure. [17] Positioning of the patient requires the help of several health care personnel. Besides, as an important measure, pressure points of the body should be supported with pads to refrain from development of pressure sores. [18] Especially during PNL procedures which are performed while the patient is in the prone position, lungs are exposed to compressive forces which lead to respiratory problems in patients with restricted lung capacity with potential retention of carbon dioxide. Compression on vena cava inferior decreases venous return which might trigger cardiac problems. Opinions favouring application of PNL in the supine position may decrease cardiac, and respiratory problems but this suggestion has not been fully elucidated. [19] Gofrit et al. [20] indicated that lateral decubitus position could overcome adverse effects of obesity on respiratory, and cardiac functions.
Increased BMI complicates PNL procedures with respect to both anesthesic risks, and technical maneuvers. Because of supranormal thickness of subcutaneous adipose tissue, length of nephroscope or Amplatz sheath may not permit access into renal collecting system or contact with the stone. Curtis et al. [21] incised, and retracted skin, and subcutaneous adipose tissue to gain extra distance. According to another recommended alternative technique, a nephrostomy tube is inserted into the kidney with a stone, and PNL is performed a week later when an access tract is formed between the skin and the kidney. [22] However Giblin et al. [23] passed a 27 cm-long gynecological laparoscope through a 32 F Amplatz sheath to fragment renal stones. In our clinical practice, if required, we are fixating Amplatz sheath with silk sutures to the skin or we are applying the method described by Curtis et al. [21] Despite unfavourable effects of obesity on PNL, many current studies have revealed success, and safety of PNL in this patient group. Carson et al. [24] compared 44 obese patients with 226 non-obese ones, and couldn't detect any significant difference between groups as for operative times, stone-free, and complication rates. However Pearle et al. [25] considered cases with a BMI >30 kg/m 2 as obese patients, and performed PNL operations on a total of 236 patients (57 obese, and 279 non-obese patients) with a mean stone size of 14.5±8.7 mm 2 . They detected comparatively longer PNL operative times in obese patients with comparable success, and complication rates between both groups. El-Assmy et al. [8] detected mean stone size of 2.5±0.85 cm 2 in their patients. Still Alyami et al. [27] operated on patients with stones smaller than 3 cm in diameter. Both investigators couldn't detect any correlation between body mass index, and stone-free rates. In our study, mean stone size was calculated as 7.81±5.70 cm. However Fearber et al. [26] evaluated 93 morbidly obese patients among a total of 530 patients, and detected higher complication rates in morbidly obese patients relative to those with normal BMIs (37 vs 16%). Still in our study, when groups categorized as for BMIs of the patients were compared, comparable success, and complication rates were found between groups. In our series, a total of 4 patients underwent nephrectomies because of intractable bleeding, and 2 patients experienced colonic ruptuıre who were treated with colostomy operations. Pelvicalyceal system injury was the most frequently encountered intraoperative complication, and all of these patients were managed by nephrostomy tube or D-J stent placement. Though statistically insignificant, we attribute higher operative success rates in the morbidly obese patients to extra efforts of the surgeons to obtain stonefree status so as to eliminate the need for a SWL or a second surgical intervention.
In the present study, although patients who underwent PNL procedures in our clinic were classified according to their BMIs, and the impact of obesity on the success, and complication rates of PNL in different patient categories was analyzed, our study had some limitations. Firstly, data of 2360 patients were screened, while only a total of 2012 patients could be included in the study. Secondly, operations were not performed by the same surgeon. So diverse surgical experiences might effect the outcomes obtained. However if we consider that our clinic is providing training for urology residents, this approach should be accepted as a natural process. Besides, only patients' BMIs were taken into account as an influentual factor on operative times, a multivariate analysis on location, and size of the stones was not performed.
As a concluding remark of our study we can say that PNL is an effective, safe, and reliable method with higher success and acceptable complication rates in the management of stone disease in overweight, obese, and morbidly obese patients.
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